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and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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Indian Standard 

METHODS FOR 
PREPARATION OF BUFFER SOLUTIONS 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institu* 
tion on 12 April 1965, after the oraft finalized by the Chemical Stand- 
ards Sectional Committee had been approved by the Chemical Division 
Council. 

0.2 In this standard, a series of buffer solutions have been prescribed* 
It is expiected that they will cover the common experimental conditions 
and be useful for control of ^H measurement in industry. Different 
buffer solutions for the same m range have been mentioned in order to 
offer a choice of a particular buffer for specific experiment. 

0.3 The^H is given at different temperatures for different buffer solutions 
as data for a uniform temperature for these solutions were not available. 
It is intended to adopt a uniform temperature of 2TC for all of these 
solutions when the required data become available. 

0.4 In preparing this standard, assistance has been obtained from the 
following publications: 

BS 1647 : 1961 Specification for ^H scale. British Standards 

Institution. 
BAns ( R O ). Determination of ^H, theory and practice. 1964. 

J. Wiley * Sons Inc., New York. 
Food chemicals codex. 1963. Committee on Specifications, Food 
Chemicals Codex National Academy of Sciences, Washington. 



1. SCOPE 

1,1 This standard prescribes the methods for preparation of buffer 
solutions used in analytical and control laboratories in industry. 

1.1.1 Primary and secondary standard buffer solutions for calibration 
of ^H meters are also included m this standard. 
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2. TERMINOLOGY 

It For the purpose of this standard, the foUowiof definitions shall 
apply. 

2*1 Bvffer Vtfai, /^ ^ = -^r^ ) — . The moles of « strong actd or strong 

base when added to one fitre of a solution to change its pH value by a 
unit. 

2*2 Dllitioa VahM ( 4 pm ) —The change of ^H units if a buffer solution 
is diluted with an equal volume of water. 

13 Molality (m)(of a Sdation ) — The amount of solute in moles per 
1 000 g of the solvent. 

14 Molarity ( M ) ( of a Solntion ) — The amount of solute in moles in 
one litre of the solution. 

ISTtHftratMrtCodBeleit ( -^\ — The change of ^H uniu per 
degree Celsius ( Centigrade ) rise of temperature* 

I REAGENTS 

II The reagents of the purity specified against each in 3.1.1 to 11.19 
shall be used in the preparation of the buffer solutions. Freshly boiled 
and cooled distilled water shall be used for the preparation of all buffer 
solutions. 

11.1 Aatic Add - ( CH,COOH; Molecular Weight 60*05 ) pure 
( conforming to IS : 695-I955* ). 

lU Borax -- ( Na,B40„ 10H,O; Molecular Weight 381*43 ) It shall 
contain not less than ^*5 percent and not more than 100*5 percent of 
Nat B4O7, lOH^O and shall conform to the limits of impurities given 
below: 

Pireent fy IVei^, Max 

i) Carbonate ( as CO, ) 0-05 

ii) Chloride ( as CI ) 0001 

iii) Sulphate ( as SO4 ) 0005 

iv) Calcium ( as Ca ) 0*01 

Note — Before use, the borax shall be gradually heated to UO*C and theo its 
temperature raised to 400**C to dehydrate it completely. 

^Specification for glacial acetic Kid, pure, phannaceutical and technical. (Sines 
revised) 
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3.13 Bm€ AcU'-i HtBO,; Molecular Wei|ht 61*M) analytical 
reagent grade. Before uie the material shall be spread in a dry vacuum 
desiccator at room temperature preferably overnipit. 

3J.4 (kUmm Hydroxidt 5<»lM<toa — [ Ca (0H)|, Molecular Weight 
74-09 ] Calcium hydroxide shall be prepared ilrom calcium carbonate of 
low alkali grade after it has been^ washed thoroughly. Heat the carbo- 
nate slowly to about 1 OOO^G and ignite at that temperature for at least 
45 minutes. After cooling, add the resulting calcium oxide slowly to 
water with stirring. Heat the suspension to boiling; cool and filter on a 
03 sintered glass funnel. Dry the solid in an oven and crush to a uni- 
fonn, finely granular state for use. 

3,1.4.1 To prepare a saturated solutiont shake vigorously an excess 
of calcium hydroxide, prepared as in 3.1.4» in a stoppered polyethylene 
bottie with water at room temperature. Allow the excess of soud to 
settle and remove the suspended material by filtration with suction on 
a OS sintered glass funnel. It is advisable to determine the concentra- 
tion of a saturated solution of a portion of caldum hydro^de prepared 
from each particular lot of calcium corbonate. If the concentration of 
the saturated solution at 25X as determined alkaUmetrically appears to 
exceed 0*020 6 M, the presence of soluble alkalis is indicated. Calcium 
hydroxide solution shall be free from soluble alkalis. 

X\3 Disoimm Hjdroim ?A«#«te — ( Na|HP04; Molecular Weight 
141-97 ). It shill contain, after drying for 2 hours at 1 \0±YCf not less 
than 99*5 percent and not more than 100-5 percent of NatHP04. It 
shall conform to the limits of impurities given below: 

i) Chloride (as CI/ 0*006 

ii) Sulphate ( as SO4) 0*03 

iii) Potassium ( as K V^ 04>S 

iv) Loss on drying at 120 ± TC 0-2 

3.14 Gipam ^ ( H,N. CH, COOH; Molecular Weight 7S-0S ) It shall 
comply with the following requirements: 

a) A solution of 2 g of glycine in 20 ml of water shall be dear. 

b) It shall give no preci|Mtate with barium nitrate solution. 

c) It shall show only the slightest opalescence with silver nitrate 
solution. 

d) The sulphated ash obtained from 5 g of glycine shall not exceed 
2mg. 

e) The nitrogen content ( by Kjeldahl method ) shall be 18*67 ± OrlO 
percent by weight. 
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3,1J HjHiroMmc Aeid — OmBnd 2 R 

3.1.S Phaspknie Acid-^i HsPOa, Molecular Weight 98-0 ) analytical 
reatent grade. 

3.1«9 Potassium Hfdrogtn PhthaUUi — ( HOOC. CeH4.COOK; Molecular 
Weight 204*22 ) It shall conUin not less than 99*9 percent and not more 
than 100- 1 percent of HOOC. C^H^. COOK and shall conform to the 
limits of impurities given below; 

Pirmt fy Wiigki, Max 

I) Chloride ( as CI ) 0*001 

ii) Sulphate (as SO 4 j 001 

iii) Sodium ( as Na ) 005 

iv) Moisture 0-1 

3.1.10 Potasswm Chtmdi — ( KCl; Molecular Weight 74-55 ) analytical 
reagent grade, recrystallized several times from water and dried at 
120tol50X. 

3.1.11 Potassium Difydrogin Phosphati — ( KHjPO^; Molecular Weight 
136*09 J The material, after drying at 110 ± 2X, shall conUin not less 
than 99*5 percent and not more than 100-5 percent of KH[tP04. It shall 
comply with the lunits of impurities as given below: 

Pirunt ty Wiigkit Max 

i) Chloride ( as CI ) 0*000 5 

ii) Sulphate ( as SO; ) 0*01 

iii) Ammonia ( as NHi ) 0*001 

iv) Sodium ( as Na ) 0-05 

v) Loss on drying at 110 ± V'Q 0*1 

3.1.12 Potassium Ifydrogtn Tartrati — (KHC4H40a; Molecular Weight 
188*18) The material, dried at 110 ± 2''C, shall conUin not less than 
99*8 percent of KH04H40e. It shall comply with the limits of impurities 
as given below: 

Pifont by Wiigk^ Max 

i) Chloride ( as Q ) 0*001 

ii) Sulphate ( as SO4) 0*01 

iii) Iron ( as Fe ) 0*00! 

iv) Lead(asPb) 0*001 

V) Moisture 0*1 

3.1.13 Potasnum Titra^oxalaU - ( KHg ( C1O4 )., 2H«0; Molecular 
Weight 254*19 ] The material sbaU contain not less tnaa 99^ percent and 
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not more than 100*1 percent of KH| ( C,04 )i» 2H,0. It shall comply 
with the limits of impurities given below: 

Ptrcifa by Wiigkif Max 
i) Chloride ( as CI ) 0002 

ii) Sulphate ( as SO4 ) 0*01 

iii) Calcium ( as Ca ) 0005 

iv) Sodium ( as Na) 005 

3.M4 Sodium itete«^— ( CH«COONa, 3H,0; Molecular Weight 
136-08) analytical reagent grade. 

3.L1S Sodmrn BimhonaU — ( NaHCO,; Molecular Weight 84*01 ) ana- 
lytical reagent grade ( conforming to IS : 2124-1962^ ). 

3.1.16 Sodkan Chloridi--' ( NaCl; Molecular Weight 58-45 ) analytical 
reagent grade. 

3.1.17 Sodium Diotfyl Barbiturak ( Sodium Salt of Veronal )— ( Mol^ular 
Weight 206-18 ) It shall contain^ after drying* not less than 98'5 percent 
of 0«Hii;OtNtNa. It shall conform to the limits of impurities given 
below; 

Pirant by Weight, Max 

i) Loss on drying at 105X 1*0 

ii) Neutral or basic substances 0*2 

lii) Lead(asPb) OOOl 



NaO- 



/ \ 

\ / 



C2H5 



C2H5 



H 



Sodium diethyl barblnnttti 

3.L18 Sodium Hydroxide — ( NaOH; Molecular Weight 40-41 ) carbonate- 
free« 0*1 N and 0-2 N; standardized against 01 N and 0*2 N phthalic 
add solution using phenolphthalein as indicator. 

*Spaoiflcatlon for lodhim bkarbonate. 
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XIM Tm{HydroMfmtlk^) AmmoMtaM0^[{HOCHtUsC(Vllt)l 
4. WORKING BUFFER SOLUTIONS FOR GSNIRAL PURPOSES 

4.0 In case of tartrates, citrates« oxalates and phthalates working baffer 
solutions either fresh solutions shall be prepared or a drop or two of 
thymol solution shall be added as they are liable to get ftmgus growth on 
storage. 

4.1 Clafk and Lds Baffer Sotatiew(25«C) 

4.14 pH 1-2 to 2'2 — prepared by mixiog hydrochloric acid ( 0*2 N ) 
and potassium chloride solution ( 0*2 N ) and diluting to one litre, with 
water. 

Con^ositwn p*r litn ofth* sobuion: 

/H 

425-0 ml hydrochloric acid + 250 ml potassium chloride 1*2 

solution 

2660 „ „ + 250 „ „ 1-4 

162-0 „ „ + 250 „ „ 1-6 

1020 „ „ + 250 „ „ 1-8 

65-0 „ „ + 250 „ „ 2-0 

390 „ „ + 250 „ „ 2-2 

4.1.2 pH 2-2 to Hi — prepared by mixing hydrochloric acid ( 0*2 N ) 
and potassium hydrogen phthalate solution ( 0*2 M ) and diluting to one 
litre with water. 

Compositim ptr litn <(fth$ tobttimr. 

pn 

247*5 ml hydrochloric acid -)- 250 ml potassium hvdrogen 2*2 

l^ithalate solution 

2110,, „ +250,, „ 2-4 

1770 „ „ + 250 „ „ 2-6 

144-5 „ „ + 250 ., „ 2-8 

III 5 „ „ + 250 ., „ 3-0 

78-5 „ „ + 250 „ „ 3-2 

520 „ „ +250 .. „ 3-4 

31 5 „ „ +250 .. „ y% 

14-5 „ „ + MO „ „ 3-8 

20-0 „ , +250 „ „ 4-0 

8 
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4.1.3 ^H 4*2 to 5-8 — prepared by mixing sodium hydroxide solution 
( 0-2 N ) and potassium hydrogen phthalate solution ( 0-2 M ) and dilu* 
ting to one litre with water. 

Compositum pit liirt ofth$ solution: 











^H 


15-0 ml sodium hydroxide 


+ 250 ml potassium hydrogen 


4-2 




solution 


phthalate solution 




33-0 „ 


•» 


+ 250,. 


ft 


4-4 


55-5 „ 


» 


+ 250,, 


19 


4-6 


82-5 „ 


»> 


+ 250,, 


If 


4-8 


U3-0 „ 


tf 


+ 250,, 


9f 


5-0 


1440 „ 


•> 


+ 250,. 


>» 


5-2 


170-5 „ 


tt 


+ 250., 


99 


5-4 


1940 „ 


t» 


+ 250.. 


H 


5-6 


211-5 „ 


ft 


+ 230., 


ff 


58 



4.1.4 ^H 5-0 to 8*0 — nrepared by mixing sodium hydroxide solution 
( 0-2 N ) and potassium dihydrogen phosphate ( 0*2 M ) and diluting to 
one litre with water. 

Om^osition por litn of thi sotuttom 











PH 


18*0 ml sodium hydroxide 


+ 250 ml potassium dihydrogoi 


5-8 




solution 




phosphate solution 




28-0,, 


f> 


+ 250.. 


§9 


«;K» 


40-5,, 


s> 


+ 250,. 


tf 


* 


580 „ 


f» 


+ 250.. 


ff 


e^H 


820 „ 


>l 


»• 250 H 


.. 


6-6 


1120 ,. 


n 


+ 250r. 


§• 


6-8 


145-5 ,. 


t» 


+ 250.. 


9f 


7-0 


173-5 „ 


9» 


+ 250,, 


ff 


7-2 


195-5 ,. 


19 


+ 250., 


f> 


7-4 


21 20 „ 


99 


+ 250., 


ff 


7-6 


222-5 „ 


99 


+ 250,. 


»> 


7-8 


230-5 „ 


99 


+ 250 .. 


ff 


M 



4.1.5 ^H 9*0 to 10*0 — prepared hjf mixing sodium hydroxide solution 
( 0-2 N ), and boric acid solution ( 0-2 M ) in potassium chloride solution 
(0-2M) and diluting the mixture to one litre with water. These 
solutions shall be checked to account for the influence of carbon dioxide. 

9 
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ChmpositumpirUtri ofth$ sotuimn: 




4«o 


19*5 ml sodium hydroxide. 


f 250 ml boric acid*potasstum 




solution 




chloride solution 




300,, 




>» 


+ 250,, 


If 


8-2 


430 ,, 




»f 


+ 250 „ 


»» 


8-4 


59-0 „ 




» 


+ 250,, 


ft 


8-6 


790 ,, 




t> 


+ 250 „ 


ft 


8'8 


1040 „ 




ft 


+ 250 „ 


>» 


9-0 


1320 „ 




i> 


+ 250 „ 


ft 


9-2 


160-5 „ 




»» 


+ 250,, 


>f 


9-4 


184-5 „ 




f> 


+ 250,, 


f> 


9-6 


2030 „ 




i» 


+ 250,, 


» 


9-8 


218-5 , 




f> 


+ 250 „ 


» 


100 



4J, SoKMeBB«fferSolirtiaw(irC) 

4^1 ^H r04 t« 3'68 — preMired by mixing hydrochloric acid 
(G'i N) and glycine solution (0*1 M) in sodium chloride solution 
( 0*1 N ). 

Composiiioit qftht solmtumi 

PH 
OK) ml glydne-sodium + 100 ml hydrochloric add 1*04 

chloride solution 

10-0 „ „ +90 „ „ M5 

20K>„ „ + 80„ „ 1-25 

30-0 „ „ + 70 „ „ 1-42 

40-0 „ „ +60., „ 1-64 

50-0 „ „ +50 „ „ 1-93 

60-0 „ „ +40 „ „ 2-28 

70K) „ „ +30 „ „ 2-61 

80-0 „ „ +20 „ „ 2-92 

90K) „ „ + lo ., » 3-34 

95-0 „ „ +5 .. .. 3*68 

42J1 pH 8-24 to tO-14 — prepared by mixing sodium hydroxide 

solution (O'l N), and glycine solution (0*1 M) in sodium chloride 

solution ( 0*1 N ). 

Con^mtvm of tk» sdntUm: 

pVl 
8-24 

8-58 
893 
9«S6 
9-71 
10-14 

10 



97*5 ml glydne-sodium 


+ 2*5 ml sodium hydroxide 


chloride solution 


solution 


950 „ 


+ 5-0 „ 


90-0 „ 


+ 100 „ 


80H)„ 


+ 20K) „ 


70-0 „ 


+ 30-0,. 


60K) „ 


+ 400,, 
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4.3 Michadte Buffer Solatkmi ( 25°C ) 

4.3.1 Vtronat'Sodium Hydroxidt Buffer Sobttions for Pkfsiologied Purposes 
( ^H 700 to 9'20 ) — prepared with sodium salt of veronal solution 
( 01 M ) and hydrochloric acid ( 01 N ). 

Composition of tht solutioiC 



53-6 ml 


sodium 


salt 


of 


+ 46-4 ml hydrochloric acid 


^oo 




veronal solution 






' 


55-4 „ 








+ 44-6 „ 


99 


7-20 


58- 1 „ 








+ 41-9 „ 


l» 


7-40 


61-5 „ 








+ 38-5 .. 


»9 


7-60 


66-2 „ 








+ 33-8 „ 


i> 


7-80 


71-6 „ 








+ 28-4 „ 


)» 


800 


76-9 „ 








+ 23-1 „ 


»> 


8-20 


82-3 „ 








+ 17-7 „ 


99 


8-40 


87-1 „ 








+ 12-9 „ 


» 


8-60 


90-8,, 








+ 9-2,. 


*> 


8*80 


93-6 „ 








+ 6-4,. 


99 


900 


95-2 „ 








+ 4-8 „ 


99 


9-20 



4.3.2 Veronal'ActtaU Biger Sobitums^pH 2-62 to d-£l )— isotonic with 
blood at 25°C. The veronal-acetate solution shall contain 19-43 g of 
sodium acetate and 29-43 g of sodium salt of veronal in 1 litre of the 
solution made in carbon dioxide-free water. 

4JJ.1 To make 29>'ml of the buffer solution, take 3 ml of the 
veronal-acetate solution ( 4.3.2) and mix 2 ml of sodium chloride solution 
( 8-5 percent w/v ) and the following amounts of hydrochloric acid 
( 0*1 N ) and dilute to 25 ml with carbon dioxide-free water: 

Votwm of Hjdrochtorie pH 
Aeid(m\) 

00 9-64 

0-25 916 

0-50 8-90 

0-75 8-68 

10 8*55 

20 818 

30 7-90 

40 7-66 

5-0 7-42 

5-5 7-25 

6-0 6-99 

6-5 6*75 

70 6-12 

11 
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Vobmu ^HyineUom pH 
AeU(m\) 

8-0 5-32 

9-0 4*9S 

1(H> 4*66 

11-0 4-S3 

12-0 4*13 

13-0 3-88 

14*0 3-62 

ISO 3-20 

160 2-62 



UihrMMl Bdlw SohrtioM (^H 1*81 to U'M) -- 

red by adding the following volumes of sodium hvdroxide sohition 
(.0*$ N ) to 100 ml of a solution of mixed add, bein^ 0*04 M with respect 
to phosphoric acid* 0*04 N with respect to both acetic and boric adds: 

SoSmn Hyirmde pn 



t^SoSmn Hjinxuk 
Sobiiioit( ml) 



1-81 

2-5 1-89 

50 I'SO 

7'3 2-09 

lOO 2-21 

12-3 2*36 

IS-O 2*S6 

17-5 2-87 

20-0 3-29 

22*5 3*78 

25'0 4*10 

27*5 4'S5 

30<» 4-56 

32'5 4-78 

35-0 502 

37-5 533 

4fH> 5*72 

42*5 6*09 

45-0 6-37 

47*5 6-59 

50^ 6>80 

52-5 7-00 

55-0 7-24 

57-5 7'54 

60K) 7*96 

62*5 8*36 

65*0 8*69 

12 
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SMiitu»( ml) 

67*5 8'9S 

7(H> 9*15 

72-5 9-S7 

750 9^2 

77*5 9'91 

800 10*38 

82-5 10*88 

85*0 11-20 

87*5 11*40 

90*0 11-58 

92*5 J 1-70 

95*0 11*82 

97*5 11*92 

1000 11*96 

4J5 IMTcr Solatfamt of^H 9*6 to 13*0 ( 25*C ) 

4.S.1 ^H 9-6 to JJO — prepared by mixing sodium tucarboiute 8olu> 

tioo ( 0*05 M ) and sodium hydroxide solution (01 N ) and diluting to 
one utre with water. 

Cmfuitim per litrt oftht solutiani 





* «r 






^H 


50*0 ml sodium hydroxide 
solution 


+ SOO ml bicarbonate solution 


9-60 


760 „ 


»» 


+ 500„ 


ft 


9*80 


1070 „ 


l» 


+ 500,. 


t» 


10-00 


138-0 „ 


9> 


+ 500,. 


>t 


10*20 


1650 „ 


ft 


+ 500,, 


•t 


10*40 


1910 „ 


$f 


+ 500,, 


99 


10*60 


2120 „ 


l» 


+ 500,. 


ff 


10-80 


227*0 „ 


• 1 


+ 500,. 


99 


11*00 



43J2 pH 10*9 to 12*0 — prepared by mixing disodium hydroMO phos* 
phate solution { 005 M ) and sodium hydroxide solution ( 0*1 N ) and 
diluting to one litre with water. 

IS 
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Cmpmtitm pit liin ofth$ solutitm 


\l 














PH 


33*0 ml sodium hydroxide 


+ 500 ml disodium hydrogen 


10-90 




solution 




phosphate solution 




410 „ 


9» 


+ 500,, 


>» 


11-00 


63-0 „ 


»f 


+ 500,, 


9> 


11-20 


910 „ 


If 


+ 500,, 


» 


11-40 


135-0 „ 


»f 


+ 500,, 


»> 


11-60 


1940 „ 


99 


+ 500,. 


» 


11-80 


2690 „ 


99 


+ 500,, 


99 


12-00 



4.53 ^H 12*0 to 13*0 — prepared by mixing potassium chloride solution 
( 0*2 M ) and sodium hydroxide solution ( 0*2 N ) and diluting to one 
litre with water. 

Composition per titu oftho soUitiotn 











^H 


60*0 ml sodium hydroxide 
solution 


+ 250 ml potassium chloride 
solution 


1200 


102-0 „ 
1620 „ 
2560 „ 
4120 „ 
660-0 „ 


99 

99 

\ 

99 
99 
9> 


+ 250 ,. 
+ 250 „ 
+ 250 „ 
+ 250 „ 
+ 250 ,. 


99 
99 
99 
99 
99 


12-20 
12-40 
12-60 
12-80 
13-00 



4.6 Goaori Buffer SolatkMH ( ITC ) ^H 7 to 9 for Physiological Pur- 
poses — prepared by mixing O-l M Im ( bydroxymethyl ) aminomethaiie 
and 0-1 N hydrochloric acid and diluting to one-litre with water. 

Om^osititm ptr litn qftht solutien: 

466 ml hydrochloric acid + 500 ml tris( hydroxymethyl ) 7-00 

aminomethane solution 

447 „ „ + 500 „ „ 7-20 

420 „ „ +500 „ „ 7-40 

385 „ „ + 500 ,. „ 7-60 

345 „ „ +500 „ „ 7-80 

292 „ „ + 500 „ „ 8-00 

229 „ „ +500 „ „ 8-20 

172 „ „ + 500 „ .. 8-40 

124 „ „ + 500 „ „ 8-60 

85 „ „ + 500 „ „ 8-80 

57 „ „ +500 „ „ 9-00 
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4.7 Wabok BvlTer SolaUons llVC ) ^H 3*42 to 5*89 — prepared by 
mixing 0*2 N acetic acid and 0-2 M sodium acetate solution and diluting 
to one litre with water. 

Composition Pit Utn of On solutiom 



950 ml acetic acid 


900,, 


>l 


800,, 


)f 


700,, 


>• 


600,, 


>9 


500 „ 


9» 


400 „ 


>9 


300 „ 


» 


200,, 


» 


150,, 


99 


100,, 


99 


50 „ 


99 • 







^H 


+ 50 ml sodium acetate 


3-42 




solution 




+ 100 „ 


19 


3-72 


+ 200,, 


99 


405 


+ 300 „ 


99 


4«27 


+ 400,, 


99 


4-45 


+ 500,, 


99 


4-63 


+ 600,, 


99 


4-80 


+ 700,, 


99 


4-99 


+ 800,, 


99 


5-23 


+ 850 „ 


99 


5-37 


+ 900,, 


91 


5-57 


+ 950 „ 


99 


5-89 



5. PRIMARY AND SECONDARY BUFFER SOLUTIONS 

5.1 For checking the ^H of solutions prepared in 4, a pH meter shall 
be employed which shall be calibrated against primary and secondary 
buffer solutions given in Table 1 . The solutions given are arranged in the 
table in the order of increasing ^H values. 



15 



I8I3225-1M5 



<<• «• 









SHoa. ^ o S e 
1^^ "55 & 



si S § S 

It. € S I I 

j><i + + + 



^^ ST S S 

ig^ll «^ 2 S 












iS s i 11 I 



i! 



il 



s a 



MM 



§1 



It 






- ^ s^ 



I I 



I I i 



I IS 

+ + I -» 

a 



Z5 S 



1 



§9 



§ 



§ 

o 



p 



I I 



9 



§ 

3 



i 



■? « 



16 



